Modern wireless communication standards are mainly designed to operate as data-centric networks. As a result, their link adaptation is designed to maximize the error-free data throughput. However, when transmitting video, error-free data throughput is not the only pivotal metric. Issues such as latency and jitter must also be considered. Moreover, the limited power of mobile devices is also a challenge in wireless video communication. The aim of this project is, therefore, to develop link adaptation solutions for wireless video communication systems with the objectives of minimized power consumption, high video quality and continuous playback.
I. INTRODUCTION
Link adaptation is the process of dynamically changing transmission parameters such as modulation order, channel coding rate, and transmission power level based on the estimated condition of the wireless link for efficient utilization of system resources and enhanced quality of service for end-users. Moreover, most modern communication systems, employ a combination of forward error correction (FEC) and automatic repeat request (ARQ) to achieve efficient and reliable transmission. ARQ techniques when combined with FEC codes are referred to as hybrid ARQ (HARQ) which is also considered an implicit link adaptation technique [1] .
Turbo product codes (TPC), alternatively referred to as block turbo codes, are powerful FEC codes which can provide high coding gain with reasonable complexity. They support a wide range of codeword sizes and code rates. They are now included in some communication standards such as the IEEE-802.16 for fixed and mobile broadband wireless access systems [2] and the IEEE-1901 for broadband power line networks [3] .
There is a limited number of TPC based HARQ schemes in the literature (e.g. [4] ). Moreover, most studies on HARQ evaluate the throughput performance without regard to the video playback buffer occupancy and power optimization which are crucial features for a successful wireless mobile video communication.
Based on our critical analysis of the literature, we have identified three main research directions. We have already completed the first part which is developing an adaptive TPC based HARQ scheme (T-HARQ) with hard and soft decoding. The adaptation process is performed to maximize the system throughput by changing the codeword size and code rate based on the channel condition. Based on our evaluation of the T-HARQ system, we observed that system complexity and power consumption can be reduced while maintaining the system throughput unchanged [5] . In the second part of the PhD project, we plan to find out an optimum power assignment per retransmission for the T-HARQ system such that for a given throughput value the total consumed power is minimized. Finally, we plan to further improve the T-HARQ system by accounting for the playback buffer occupancy when adapting the error control parameters such as the maximum allowed number of retransmissions. In this project, an adaptive TPC HARQ scheme with packet combining is proposed to maximize system throughput based on the channel condition. Preliminary results show that system complexity and power consumption can be reduced while maintaining the system throughput unchanged [5] .
II. SYSTEM MODEL AND PRELIMINARY RESULTS
When the channel signal to noise ratio (SNR) is high, only single transmissions are required and the system achieves its maximum throughput. Increasing the SNR further will not increase the system throughput anymore because the throughput is now limited by the channel capacity. As the channel SNR degrades the required number of retransmissions per packet increases. Due to packet combining the SNR is increased at the receiver after each retransmission. This will cause the system to achieve the channel capacity again at mid and low channel SNR values. Preliminary results show that the combined SNR may be more than the minimum required SNR needed to achieve the channel capacity. Hence, adaptive power control can be used to enhance the power consumption efficiency by using the minimum required transmission power which satisfies a target system throughput.
Regarding the video playback buffer occupancy problem, we have developed a simulation tool to study the performance of a video transmission system in terms of the peak signal to noise ratio (PSNR) and the playback buffer occupancy. For demonstration purposes Fig. 2 and Fig. 3 show the PSNR and playback buffer occupancy, respectively, for a video transmission system with two different source data rates. From the two figures we see that high source data rate (blue curves) can result in severe buffer starvation. Reducing the source data rate by 25% in the simulated video transmission system slightly degraded the spatial video quality (PSNR) but significantly improved the playback buffer occupancy. We intend to study the performance of the proposed T-HARQ scheme as a video transmission system and optimize its parameters based on the playback buffer occupancy to ensure continuous video playback.
III. CONCLUSION
Efficient resource utilization and optimized wireless link adaptation are crucial for the development of a successful wireless video communication system. In this PhD project, an adaptive TPC-HARQ scheme is proposed where the codeword size and code rate are changed based on the channel SNR to maximize the system throughput. We intend to further improve the performance of the proposed system in terms of power consumption and playback buffer occupancy. Preliminary results show that significant power saving can be achieved if adaptive power allocation is used. Moreover, continuous video playback can be achieved by dynamically adapting the source and channel coding parameters. 
